The current study presents the impact of a behavior change program to increase statin adherence using interactive voice response (IVR) technology. Subjects were affiliated with a large health benefit company, were prescribed a statin (index) and had no lipid-lowering pharmacy claims in the previous 6 months, and were continuously enrolled in the plan for 12 months prior and 6 months post index statin.
Introduction
O ver 80 million Americans are diagnosed with cardiovascular disease, the leading cause of morbidity and mortality in the United States, with an estimated total direct and indirect expenditure of $448.5 billion for 2008. Coronary artery disease (CAD), with a prevalence of 16 million Americans, consumed an estimated $156.4 billion dollars, and was associated with 1 of every 5 deaths in 2004. 1 Dyslipidemia is a well-recognized and prevalent risk factor for coronary heart disease (CHD), with an estimated 36 million Americans qualified as candidates for lipid-lowering therapy, a number that exceeds 50 million when optional treatment guidelines are utilized as the treatment criteria. 2, 3 Further, multiple randomized clinical trials have demonstrated that statins lead to significant cardiovascular event risk reductions in both primary and secondary prevention trials. [4] [5] [6] [7] Data from clinical trials and observational studies support the clinical and economic value that these compounds can bring to managed care, which has historically underappreciated the evidence supporting statin treatment with regard to short-term clinical outcomes and concomitant financial savings. 8, 9 The observed reductions in cardiovascular events associated with statin treatment within 1-2 year time frames, coupled with the declining treatment costs associated with generic entrants into the marketplace, suggest that appropriate use of statin therapy can yield a positive return on 1 investment to managed care organizations, notwithstanding the well-recognized high membership turnover rate. However, the favorable outcomes from clinical trials of statins are often substantially reduced when compared to the impact of statin therapy in real-world settings. 10 A significant factor contributing to suboptimal statin outcomes is the high rate of early discontinuation (persistence) and=or poor adherence (number of doses taken in proportion to the number of doses prescribed). One-year statin persistency=adherence rates found in studies conducted in managed care settings typically range from 50% to 66%, although rates as low as 33% have been reported. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Given the public health need for lipid-lowering risk reduction in the general population and the significant problem of poor persistence=adherence leading to suboptimal outcomes, there have been numerous attempts to develop and test interventions for statin persistence=adherence. The current literature has shown inconsistent results; therefore, most authors conclude that, based on the available evidence, no specific intervention aimed at improving adherence to lipid-lowering drugs can be recommended. 21, 22 Furthermore, in a systematic review of randomized clinical trials of medication adherence studies across therapeutic areas, the authors concluded that the academically-driven adherence research for chronic conditions were complex, labor intensive, expensive, and impractical to implement and sustain in usual practice settings. 23 Despite the equivocal literature, there are some promising findings worth noting. For example, trials employing intensified patient support (telephonic reminders coupled with written materials) achieved the most success. 24 These authors recommend that future interventions consider more than 1 or 2 behavioral factors associated with adherence (ie, knowledge, health beliefs, risk perception, memory, concerns about side effects, cost) as part of a comprehensive, patientcentered approach. A recent review of 79 adherenceenhancing interventions targeting hypertensive and dyslipidemic patients found greater adherence was a function of more intensive and tailored programs involving frequent interactions with health care professionals. The authors concluded that the results likely allowed the health care provider to adequately address patients' unique barriers to adherence. 25 Tailored communication and behavior change theory and technique appear to be 2 effective characteristics of adherence literature to date. Tailored health messaging differs from generic or even targeted communications in terms of the degree to which the content is personalized to the target (person receiving the communication). While generic information does not consider any of the unique characteristics of the intended recipient, targeted information either uses gross constructs such as name, sex, and age, or in some marketing applications, bases the communication on a broad market segment. Tailored health communications, on the other hand, employ a far more granular degree of specificity, and when that specificity is informed by evidence-based behavioral theory (eg, the health beliefs model, social learning theory, stage of change), such communications have been shown in many cases to be very effective. In fact there is a growing body of literature, the preponderance of which supports the notion that highly tailored health communications are more likely to be read, understood, and acted upon, and can produce superior outcomes in a variety of areas including smoking cessation, mammography, nutrition, health risk appraisal feedback, asthma, exercise, chronic illness self-management, diabetes prevention, colorectal cancer screening, hypertension, and adherence (including to antihypertensives and lipid-lowering medications). [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] In a managed care setting, the need for an effective, scalable, and cost-effective intervention for statin persistence= adherence is imperative. As a potential solution, computerized interactive feedback systems that incorporate reminders, educational information, and self-management interventions intended to influence health via behavior change hold tremendous promise, but as yet have been minimally tested under rigorous methodological conditions that are highly generalizable (ie, retain real-world implementation potential). Advances in technology (eg, telephonic voice-activated technology [VAT] , mobile messaging, Web-based) have the advantage of increased power to reach large populations at relatively low cost, and have the capacity to provide information in a highly tailored fashion.
Therefore, the opportunity exists to enhance persistence and adherence by effectively coupling 1 or more communications media with multiple and appropriate behavioral science theories and techniques delivered via a tailored and personalized communication. However, the challenge is how to use these technologies such that they draw from and utilize the best available evidence regarding behavior change and medication adherence, and deliver information in ways that patients perceive as personally relevant and capable of addressing their unique circumstances and challenges, and that provide meaningful and practical action steps. Therefore, the purpose of this study was to develop and test the impact of a tailored communications schema for increasing statin adherence=persistence delivered via a combination of print and telephonic VAT in an integrated system. The content of the message was based on a number of wellvalidated behavioral science theories and techniques such as the Transtheoretical Stages of Change, 45, 46 the Health Beliefs Model, [47] [48] [49] the Chronic Care Model, 50 motivational interviewing, 51, 52 and reflective listening. The experimental compliance communications strategy used a combination of the behavioral change models mentioned and a tailoring technology in order to help statin users understand and overcome identifiable barriers to persistence and adherence, develop and maintain their motivation, and increase their self-confidence to manage this aspect of their medical regimen.
Methods

Overview
This prospective randomized clinical trial comprised subjects who recently filled a prescription for a hydroxymethyl glutaryl coenzyme A reductase inhibitor (statin) and who consented to participate in a study testing an innovative strategy that held the promise of improving their persistence and adherence with their prescribed cholesterollowering medication regimen. Consenting subjects were randomly assigned to either (a) an experimental group, who received up to 3 separate tailored behavioral support interactions delivered via an interactive voice recognition (IVR) system coupled with tailored print material received through 242 STACY ET AL.
the mail (the tailored guide provided personalized intervention regarding verbal reinforcement, tips for overcoming barriers, habit formation, and working with their physician), or (b) an enhanced care control group, who received nontailored behavioral advice from a single IVR call, coupled with a nontailored, generic, self-help cholesterol management guide received through the mail. This guide provided educational material on cholesterol and lipid values, a brief knowledge quiz, and a nontailored action plan. Outcome measures were assessed from pharmacy claims data during a subsequent 180-day follow-up period. The study protocol and intervention materials were approved by an independent institutional review board.
Sample
Study subjects were affiliated with a large health benefits company as either health maintenance organization (HMO) or preferred provider (PPO) members. The initial subject pool consisted of members, derived from the health plan pharmacy claims database, who processed a pharmacy claim for a statin (termed index statin) during the study recruitment period between May and November 2005. Of note, the fact that a pharmacy claim was processed for the index statin does not necessarily imply that the prescription was ever actually dispensed to the member. For approximately 4% of study subjects, the index statin was ''reversed'' (the original index statin prescription was filled but never picked up, and was placed back in stock). Therefore, the medication may never have been dispensed to the study subject during the 180-day observation period, or the first actual dispensed statin could have been weeks, if not months, subsequent to the original index statin date.
Members with an index statin were eligible for the study if they met the following criteria: (a) continuously enrolled in the plan with a pharmacy benefit for a minimum of 12 months prior to the date of the index statin; (b) no pharmacy claims evidence of any lipid-lowering agent in the 6-month period prior to the index statin; (c) 21 years of age or older; and (d) a statin prescription with a 30-day supply. Approximately 95% of all statin prescriptions in this health plan at the time of the study were written for a 30-day supply and, given the relatively short 180-day observation period, an initial prescription exceeding a 30-day supply would greatly reduce the ability to detect differences in outcomes between experimental conditions. Based on the criteria outlined, 6242 potential subjects were identified for inclusion in the study. The current report is based on the 5174 (82.9%) who remained continuously enrolled in the plan with a pharmacy benefit for a minimum of 6 months after the index statin date. The 6 months of continuous enrollment was necessary to calculate the primary and secondary outcome measures (to be described).
Procedure
On a weekly basis, the names and telephone numbers of potential subjects were forwarded to the IVR company (Eliza Corporation, Beverly, MA). The IVR company attempted 6 separate calls over the subsequent 10-day period. Successful contact with potential subjects was made within 7-14 days of the date of their index statin. Calls were made at various times, including nights and weekends, and all calls were made in English. If an answering machine or another member of the household was reached, a Health Insurance Portability and Accountability Act-compliant message was left that encouraged the target subject to call back at a tollfree number. If the target patient was reached and the patient agreed to continue with the call, he or she was read a brief verbal informed consent statement. Figure 1 displays the recruitment flow based on IVR call results. Of the 5174 potential participants, nearly three fourths (73.0%, n ¼ 3775) were never contacted by the IVR system after 6 attempts, including: (a) 10.9% (n ¼ 566) because of an incorrect telephone number; (b) 14.7% (n ¼ 758) because of a busy signal=no answer; (c) 2.0% (n ¼ 103) because a respondent prematurely discontinued the call prior to a final disposition; (d) 18.6% (n ¼ 964) after a message was left with another member of the household; and (e) 26.7% (n ¼ 1384) after a message was left on an answering machine. Of the remaining 1399 (27.0%), 3.5% (n ¼ 180) failed to agree to continue with the call and 12.4% (n ¼ 641) failed to provide verbal consent, leaving a final sample of 578 subjects (11.2% of the initial subject pool) who consented to participate in the study. At this juncture, the IVR system randomly assigned subjects to either the experimental or the enhanced care control group. Subjects who provided consent were nonetheless deemed ineligible for the study if they reported in the initial baseline assessment that they were not aware they had been prescribed a cholesterol-lowering agent (n ¼ 21), or reported that they had no intention of picking up their prescription at the pharmacy within the next 7-day period (n ¼ 2). Finally, 58 subjects were excluded from the study population because they failed to answer at least half of the 15 IVR baseline assessment items.
a Taking into consideration the aforementioned exclusions, the final sample size consisted of 497 subjects (n ¼ 253 experimental subjects and n ¼ 244 enhanced care controls subjects).
Measures
Background characteristics. The subject's age, sex, health plan affiliation (HMO or PPO), and enrollment status were obtained from the membership database. Data on the index statin were obtained from the pharmacy claims database, including the name of the medication, member copayment amount, verification that the medication actually was dispensed on the date corresponding to the index statin, and whether 1 or more lipid-lowering agents had been prescribed in the 7-12 month period preceding the index statin.
Health status. Several surrogate measures of the subject's health status were derived from pharmacy and medical claims and administrative data. Subjects were classified as to whether they were enrolled in the cardiac disease a The vast majority of these 58 subjects failed to answer any of the baseline items; therefore, although providing verbal consent to participate, they appeared to more closely approximate members who failed to consent to the study. From a practical standpoint, the lack of data from the baseline assessment for these subjects precluded the ability to provide experimental subjects with tailored behavioral feedback either at the conclusion of the initial call or in the printed tailored guide, which in turn would reduce the integrity of the implementation of the competing interventions and potentially lead to a biased impact. This is frequently referred to as a Type III error. 53 
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management program (an intervention targeted at individuals in the health benefits organization who were diagnosed with CAD) and, if enrolled, the timing of the enrollment relative to the date of the index statin. Utilizing pharmacy claims data during the 3-month period prior to the index statin, a count was made of the number of distinct medications that were indicative of the presence of a chronic condition (eg, an individual who had filled prescriptions for metformin and atenolol would be classified as having a chronic disease count of 2, with the medications presumably indicative of diabetes and hypertension). Chronic medications were determined based on the First Data Bank classification of maintenance medications. Finally, using inpatient and outpatient medical claims and pharmacy claims for the 12-month period prior to the index statin, each member was classified into the National Cholesterol Education Program (NCEP) Adult Treatment Panel III risk classification system. 54 Details of the classification scheme are provided elsewhere, but briefly, an individual was classified as ''High Risk'' (a lowdensity lipoprotein [LDL] treatment goal of <100 mg=dl) if he or she had CHD or a CHD risk equivalent based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) or procedural codes for myocardial infarction, ischemic heart disease, transient ischemic attacks, angioplasty, or other, or diabetes. 55 Individuals were classified as ''Moderate Risk'' (LDL treatment goal of <130 mg=dl) if they had at least 2 of the following 3 risk factors identifiable from claims databases: hypertension (ICD-9-CM code or pharmacy claim for a blood pressure-lowering agent); age 45 years or older for men and 55 years or older for women; or a high-density lipoprotein (HDL) level below 40 mg=dl (an HDL of >0.60 is counted as a negative risk factor). Because the NCEP-defined CHD risk factors of smoking and a family history of premature CHD could not accurately be obtained from the claim databases, these factors were not included in the risk stratification typology. For this reason, individuals with 0 or 1 risk factor were classified as ''No Risk Category Assigned'' because of potential misclassification.
Medication-related beliefs and attitudes. In order to effectively tailor the content in the experimental group and as a point for between-groups comparisons, several baseline constructs derived from key behavioral theories associated with medication adherence (eg, Health Belief Model, Social Cognitive Theory, Self-Regulation Theory) were collected on both experimental and enhanced care control subjects as part of the initial IVR baseline assessment, including expectations regarding the ability of the statin to lower cholesterol, perceived barriers to adherence, level of motivation and confidence in the ability to take their medication, and expectations regarding length of time the subject expects to take the statin. 
Study Subjects n=578
Experimental n=298
Enhanced Care Control n=280
Received by IVR n=1339 
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Medication utilization measures. Using data from the pharmacy claims database, data on prescriptions dispensed for statins were captured starting with the index statin date through the subsequent 179-day period, for a total of a 180-day follow-up observation period. For each prescription dispensed, data were obtained regarding the date the prescription was dispensed and the total number of days' supply associated with the prescription. For calculation of the primary and secondary outcome measures (outlined in the following section), it was permissible for a subject to fill a prescription for a statin other than the original agent observed for the index statin, including a switch to a combination product. However, subjects who discontinued filling prescriptions that included a statin and exclusively switched to other lipid-lowering agents (eg, fibrates, niacin, Zetia) were classified as not meeting the criteria for success.
The calculation of the statin persistency measures incorporated a 30-day grace or gap period. Specifically, a subject was classified as persistent if no more than 30 days elapsed from the date corresponding to the end date associated with a given dispensed statin as reflected in a pharmacy claim (ie, the date dispensed and its associated days' supply) and the date of the subsequent dispensed statin. The 30-day grace period applied to all dispensed statins, including the small number of 90-day supplies that were dispensed subsequent to the index statin. Stockpiling of statin medications did not affect the 30-day grace period decision rule (eg, a subject filling an index statin, followed by a subsequent statin prescription associated with a 30-day supply 20 days subsequent to the date of index statin, would need to fill a third prescription no more than 60 days subsequent to the date of the second prescription to maintain a designation of persistent).
Measures that incorporated adherence were based on a calculation of the Proportion of Days Covered (ie, the simple addition of days' supply associated with the total number of separate pharmacy claims) over the course of the 180-day follow-up observation period, which equates to a Medication Possession Ratio (MPR) given the standardized 180-day observation period for each subject. Pursuant to this calculation, the days' supply associated with pharmacy claims dispensed toward the end of the observation period were only included in the calculation of the total sum if the date associated with the days' supply did extend beyond the 180 th day (eg, a subject with a statin prescription associated with a 30-day supply filled on observation day 175 would be credited with a total of only 6 pills in calculating the MPR value). For the medication possession measure, stockpiling of medication was permissible in deriving the total sum; however, the total sum of pills dispensed was truncated at a maximum of 180 days.
Outcome measures. The primary dependent measure of program success was termed 6-month point prevalence persistency, defined as a subject being in possession of a statin at the end of the 180-day observation period. Operationally, this was defined as a pharmacy claim associated with a 30-day supply dispensed between follow-up observation days 121-180. For prescriptions associated with a 90-day supply, a subject could be classified as being in possession of a statin at the end of the 180-day observation period if the prescription was filled between follow-up observation days 61-180. As suggested by Hudson et al., possession of a statin at a fixed point in time would provide a more accurate measurement of persistence, given that patients in real-world settings can be expected to have variations in timing of refills unrelated to issues of persistence (eg, abnormal lab results, adverse effects, drug interactions, dose titrations, acute care hospitalizations) and the fixed time point measure could help minimize classification errors associated with pill splitting. 56 A series of secondary outcome measures of program success were also calculated including continuous persistence (defined as having any statin prescription dispensed at least every 30 days after the end date of a previous prescription for a statin) for the duration of the 180-day observation period. An MPR was calculated for each subject; a subject was classified as adherent if he or she achieved a value of at least 80% (ie, a total of at least 144 pills dispensed during the 180-day follow-up observation period). The 80% threshold was based on an arbitrary threshold used in multiple research studies that examined statin adherence. [57] [58] [59] [60] [61] [62] The final secondary measure incorporated a ''hybrid model'' that combined the continuous persistence measure outlined previously (based upon refill sequence data including permissible gaps) with the proportion of days covered (an MPR of at least 80%). 63 
Description of interventions
Call #1: Baseline Behavioral Constructs. All randomized subjects were given a baseline assessment delivered by IVR. This assessment was developed based on constructs known to impact health behavior and medication adherence (ie, condition concern, knowledge of cholesterol and related risk, motives for risk modification including medication adherence, anticipated barriers to adherence, confidence in medication taking, intentions to persist).
Enhanced care control group. Subjects randomly assigned to this group received generic targeted feedback at the conclusion of the baseline call, were thanked for their participation, and notified to expect a nontailored cholesterol educational guide in the mail. The guide did not specifically address medication adherence. There was no further interaction with this group of subjects for the duration of the 6-month follow-up period.
Experimental Intervention. This group received up to 2 calls in addition to the baseline call. (Not all subjects in this group received all possible calls.) These calls were generated by a computerized VAT that provided highly tailored messages that specifically reinforced adherence=persistence with statin medication by using a combination of behavioral science theories and techniques in a personalized or tailored manner dependent on the subject's previous response characteristics. Therefore, each communication was potentially unique. Additionally, the subsequent calls referred respondents to the health plan Web site for additional information regarding dyslipidemia, risk reduction, and lipid-lowering medication. These calls were coupled with a print guide (mailed at the conclusion of the first call) that provided tailored messages designed to enhance commitment, improve communication with the health care team, and address specific barriers to adherence. The goal of the intervention in total (ie, tailored letter and series of tailored VAT calls) was to enhance both intrinsic motivations for medication persistence of this asymptomatic condition, and to enhance selfmanagement skills. Figure 2 presents a detailed description of the topics covered in the 3 calls.
Statistical analysis
Based on a previous study of statin utilization patterns of the health benefits organization membership, it was anticipated that enhanced care controls would have a 6-month point prevalence rate of 65%, and that exposure to the experimental intervention would increase this rate to 75%. 64 With power set at 0.80 and alpha at <0.05 (1-sided test), it was necessary to impanel 260 subjects per group. 65 Given an anticipated member disenrollment rate of 10% over the 6-month follow-up period, we sought to enroll approximately 290 subjects per group. Unfortunately, due to a higher than anticipated proportion of subjects refusing the informed consent process, the disenrollment rate was higher than anticipated because it was necessary to recruit subjects who had their 6-month follow-up observation date extend beyond a single calendar year (ie, a high percentage of health plan members have the option of voluntarily changing health Call #1 (Baseline Assessment)
• plan coverage at the beginning of the year). As such, the final sample size available for analysis was slightly lower than the projected 260 subjects per group. Baseline data contrasting the experimental and enhanced care control groups on baseline claims and psychosocial variables were evaluated using chi-square tests for categorical data and t tests for continuous measures, with a P value 0.10 considered statistically significant. Based on the published literature, it was hypothesized that exposure to the experimental intervention would only act to increase medication adherence=persistency, and thus a 1-tailed test was used, with statistical significance contrasting the experimental and enhanced care control group set at P 0.10. A logistic regression model with odd ratios and 90% confidence intervals was used to assess group differences with regard to the primary and secondary outcomes. Potential confounding covariates were entered in the logistic regression model to obtain adjusted odds ratios of the treatment effect where appropriate. Tests of differential effectiveness of exposure to the experimental group versus the enhanced care control group within the context of varying strata of possible effect modifiers (ie, a treatment by covariate interaction) were assessed by entering interaction terms into the logistic regression model. Given the large number of post hoc comparisons, interaction terms were considered statistically significant at a P 0.05 level. All statistical analyses were carried out using SPSS, version 15.0 (SPSS Inc., Chicago, IL). Table 1 compares the enhanced care control and experimental groups on sociodemographic characteristics and pharmacy=medical claims-related measures. With the exception of the item assessing the number of chronic medications in the 3-month period prior to the index statin (subjects assigned to the experimental group had a lower number of concomitant medications), no statistically significant group differences were detected between the groups. Overall, the sample was approximately two-thirds female, with a mean age of 54, half of whom were affiliated with the plan as HMO members. A slight majority of subjects were prescribed Lipitor, with the mean member co-pay of approximately $30. A tenth of subjects had pharmacy claims evidence of being prescribed a lipid-lowering agent during the 7-12 month period prior to the index statin. Fewer than 5% of subjects were not dispensed their index statin, with only 3.4% dispensed a statin prescription with a 90-day supply during the 180-day follow-up observation period. Two fifths of the subjects were classified as ''high'' risk based on NCEP criteria, and 30% were enrolled in the cardiac disease management program at some point during the 180-day observation period. Table 2 contrasts the enhanced care controls and experimental subjects on cholesterol-related health beliefs, attitudes, and behaviors obtained from the baseline IVR call. As noted, the number of valid responses varies from item to item, as subjects had the option to not respond to any given item. With the exception of the item assessing the expectation to continue taking a statin once the subject's cholesterol drops to a healthy level (with a higher proportion of experimental subjects endorsing this behavioral intention), no statistically significant group differences were detected.
Results
Description of sample
Slightly less than three fourths (72.9%) of subjects reported that they had started taking their statin and had not yet missed a dose. The small proportion of respondents who reported that they had not yet started taking their statin were asked to answer the subsequent questions as though they had already begun taking their medication. Nearly 60% (57.7%) reported that they were ''very concerned'' about having high cholesterol, although fewer than half (46.8%) reported that it was ''very likely'' that taking their cholesterol medication exactly as prescribed would lower their cholesterol. Nearly three fourths of subjects (71.8%) cited that the 
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most important reason for taking their statin was to ''help lower their cholesterol,'' with 76.9% reporting that they ''work together'' with their doctor to make decisions regarding the management of their cholesterol. Only slightly more than a third (36.3%) reported that they intend to continue taking their statin once their cholesterol is lowered to a healthy level, suggesting that many subjects viewed taking a statin similar to treatment of a time-limited acute condition. Subjects reported high levels of motivation and confidence to take their statin every day as prescribed, with approximately two thirds of subjects reporting a score of ''5'' on Likert scales ranging from a low score of 1 to a high score of 5 (''extremely motivated''=''extremely confident''). Finally, subjects were asked about potential barriers (''things that could get in the way'') to taking their cholesterol-lowering medication every day. The largest percentage of subjects (42.9%) reported concerns about side effects, followed by forgetfulness (36.4%), and cost barriers (30.5%); only 8.2% reported that they did not think the statin would help. Table 3 displays the impact of the experimental intervention on the primary and secondary persistence=adherence measures, including unadjusted and adjusted odds ratios and accompanying 90% confidence intervals. The small number of cases with missing data on the self-report covariate was assigned the value of the modal category on the item for the purpose of having identical sample sizes for the unadjusted and adjusted odds ratios. For both the primary and secondary outcome measures, when contrasted with the enhanced care control group, the likelihood of being classified as meeting the criteria of success was found to be statistically significantly higher among experimental subjects. For the primary dependent measure (6-month point prevalence persistency), 70.4% of the experimental subjects were persistent as contrasted with 60.7% of enhanced care controls, with an adjusted odds ratio of 1.64 (90% confidence interval 1.19-2.27). As noted, in all instances the adjusted odds ratios are slightly higher than the unadjusted odds ratios due to the fact that experimental subjects were on fewer chronic medications prior to being prescribed their index statin, and taking fewer concomitant medications was found to be negatively associated with statin persistence=adherence.
Impact of intervention on primary and secondary outcomes
Exposure to the experimental intervention was found to have less of an impact on the various secondary outcome measures (odds ratios ranging from 1.41 to 1.43). However, from a clinical perspective, an examination of the most rigorous outcome measure (continuous persistence coupled with a MPR 80%), the intervention was found to increase the proportion of subjects meeting this criteria by an impressive 20.9% (45.1% for the experimental group versus 37.3% for the enhanced care controls) with an adjusted odds ratio of 1.41 (90% confidence interval 1.03-1.92) .
In an effort to obtain a potentially more precise estimate of group differences, adjusted odds ratios were calculated on the primary and secondary outcomes by entering into a logistic regression model any covariate (including claimsbased measures displayed in Table 1 and the baseline selfreport measures reviewed in Table 2 ) that was associated at the univariate level with both experimental group status and the various dependent measures at a P value of 0.20 (data not shown). These analyses failed to modify the findings reported in Table 3 , with group differences on the primary and secondary outcome measures remaining statistically significant at the P 0.10 level.
Post hoc analyses were conducted to assess whether the statistically significant differences detected on the primary and secondary outcome measures between the experimental and enhanced care controls were moderated as a function of any covariate included in Tables 1 and 2 . Although power to detect statistically significant interaction effects was quite low, none of the contrasts were found to be statistically significant at the P < 0.05 level, suggesting that the impact of the intervention was fairly robust across the broad spectrum of subjects impaneled in the study. Although the interaction term was not statistically significant, there was a trend across all measures for the intervention to be particularly impactful among the relatively small subset of subjects (n ¼ 54) who had been prescribed a lipid-lowering agent in the 7-12 month period prior to the index statin. For 6-month point prevalence persistency, only 37.0% of enhanced care controls were found to be persistent as contrasted with 66.7% of the experimental group (P < 0.05). Similarly, for continuous persistence coupled with an MPR 80%, only 3.3% of controls (Odds ratio adjusted for number of chronic medications in 3-month period prior to index statin and intention to continue taking statin once cholesterol level drops to a healthy level.) met the criteria of success as contrasted with 25.9% of the experimental group (P < 0.05). It would appear that in the absence of a behavioral support program, ''statin recyclers'' have a low probability of success if restarted on medication within a relatively short time frame of a recent discontinuation of a lipid-lowering treatment regimen. Table 4 provides the proportion of experimental group subjects successfully meeting the criteria of success on the primary and secondary outcomes within levels of exposure to the program. Slightly less than a third of subjects, (32.8%, n ¼ 83) participated in the initial baseline call only, with a quarter (25.3%, n ¼ 64) participating in all 3 calls. The remaining 41.9% of subjects (n ¼ 106) participated in 2 of the 3 calls. Examination of the outcome measures by level of exposure to the program reveals that there were no differences between subjects who participated only in the baseline call versus those who participated in the baseline call and second call. As noted, the success rate for the various measures increased slightly among the subset of subjects who participated in the third call, although there appeared to be no additional benefit derived from participating in all 3 calls as contrasted with just the first and third call. Nonetheless, when dichotomized into subjects who did or did not participate in the third call, no statistically significant differences emerged on either the primary or secondary outcome measures (P > 0.20 in all instances).
Process analysis
Given that the subjects were not randomly assigned to the number and=or sequence of call participation, a series of multivariate analyses were conducted to assess if a clearer picture would emerge with respect to level of exposure to the intervention and success rate when examined within the context of potentially confounding covariates (ie, perhaps participation in the third call was simply a proxy for subjects who would otherwise have a higher or perhaps a lower likelihood of succeeding on the various outcome measures). Based on all available measures from Tables 1 and 2 , a stepwise logistic regression (a P value 0.10 used as the criteria for an item to enter and remain in the equation) revealed that 4 items were found to discriminate between those who did and did not participate in the third call. Results of these analyses (data not shown) revealed that, upon controlling on these 4 covariates, the main conclusions observed in Table 4 remained unchanged in that participation in the third call yielded only a small to moderate, but nonsignificant increased proportion of subjects who met the criteria of success on the primary and secondary outcome measures.
Discussion
Results from this trial provide preliminary supportive evidence that a relatively inexpensive intervention using tailored messages derived using IVR technology coupled with mailed print material can increase statin persistence= adherence among patients initiating a statin medication regimen. Favorable health outcomes of prior studies in a variety of therapeutic areas (eg, diabetes, pain management, hypertension) and health behaviors (smoking cessation, physical activity) utilizing IVR technology have been reported in the literature, although equivalent as well as negative findings have also been reported. [66] [67] [68] [69] [70] [71] [72] Of direct relevance to the current study, as contrasted to a usual care control group, statin new starts exposed to up to 3 interactive and customized IVR calls were found to have a modest (an absolute improvement in persistence at 6 months of 4.6%; 49.3% versus 44.7%) but nonetheless statistically significant improvement in medication persistence. 73 The intervention used in this study represents an amalgam of discrete elements borrowed from various evidence-based adherence-enhancing strategies that were, in turn, based on multiple behavioral theories in an effort to maximize the external validity of the findings. The study was designed as a real-world effectiveness trial that would mimic the way the intervention would actually be implemented in a given managed care organization. As such, with the exception of the brief informed consent statement, potential subjects were offered the intervention much as they would any IVR program in their health plan. Given the emphasis on external validity, this study can best be viewed as a first step in a process of understanding which components or combinations of components comprise the active ingredients in the experimental group.
The effectiveness as opposed to the efficacy approach to our evaluation strategy precluded us from obtaining detailed baseline and follow-up data from the subjects, which could have potentially helped identify mediating factors responsible for the observed group differences. For example, a sep- arate, freestanding follow-up interview with experimental and control subjects conducted by a research assistant 3 months after the index statin would compromise the ''realworld'' nature of the program not only in that the follow-up interview could itself constitute a competing intervention of sorts, but requiring subjects to participate in a follow-up survey would likely further reduce the proportion of subjects willing to participate in the study. Several contributing factors may have been responsible for the improved outcomes observed in the experimental group. As found in other medication adherence interventions, the simple act of reminding patients to refill their prescription on a timely basis may have been a key element contributing to the program's success (in this instance through the reminder message in the second and third IVR calls). Encouraging a greater proportion of subjects in the experimental group to follow up with their doctor in a timely fashion may be another important contributing factor. Benner et al found that early and frequent follow-up by physicians, especially follow-up of lipid testing, was associated with improved adherence to lipid-lowering therapy. Providing positive reinforcement that taking their statin had successfully lowered their LDL cholesterol helped overcome the low motivation patients have when attempting to manage an asymptomatic chronic condition. 74 Unfortunately, in the current study we could not directly test this hypothesis because we did not have access to the physician encounters or lab claims. In addition to obtaining information on progress in achieving their LDL goal that likely had a positive impact on the patient's self confidence to manage their cholesterol, an early follow-up encounter with a physician may have served 2 purposes that fostered adherence=persistence. First, early follow-up provided the opportunity for patients to receive additional educational information from their physician and= or to follow up on questions that were prompted by what they heard during an IVR call (eg, whether they should continue to take their statin once their cholesterol is at a healthy level). Second, an early follow-up encounter also afforded the physician the opportunity to provide the patient with strategies to overcome barriers to adherence (eg, side effects, forgetfulness, cost). As with most studies examining statin adherence, perceived cost barriers were found to be one of the strongest predictors adversely affecting persistence= adherence. For example, Piette et al found that, among patients with cost concerns, the impact of this barrier on adherence was moderated if the patient viewed their physician as trusting. The extent to which the current intervention helped to foster a more trusting relationship between patients and their providers (patients were encouraged to have an open discussion with their providers about any concerns they might have had about taking their medication on a regular basis) may have contributed to the positive outcomes observed for subjects assigned to the experimental group. 75 Because of the study design's emphasis on real-world implementation and application, the study methodology did not allow us to assess the incremental benefit of the various program components. For example, would similar outcomes be obtained without the inclusion of the mailed tailored guide? As suggested by the process evaluation, would there be little loss of effectiveness if the second call was eliminated and only the baseline and third call were included as part of the intervention? Is the monthly interval between calls optimal or would 4 shorter calls separated by a smaller time interval prove to be more effective? There are sophisticated, innovative study designs that could address these important issues, but they were beyond the scope of the current project. 76 Of equal importance is whether the impact of the intervention would diminish over time in the absence of booster sessions and=or related programmatic activity. Although evidence from many studies reveals a high drop-off in adherence during the initial 6-month period, there remains a steady and sharp decline up to and beyond 12 months after therapy has begun. Future studies will have to assess the utility of the current intervention when examined in the context of a longer time frame.
A limitation is the use of the claims data. Only claims processed through the adjudication system are reflected in the data. Sample medications dispensed in a physician's office or medications purchased outside of the claims system are not captured in this data. Adherence measures were calculated based on claims data; the assumption was that prescriptions filled were taken by the patient.
Of some concern in the current study is the relatively low proportion of eligible subjects who were reached and ultimately enrolled in the trial. In large part this was a function of the relatively high proportion of subjects (77%) who were never reached by the IVR system after 6 attempts. This noncontact rate was found to be substantially higher than the 50% contact rate routinely observed by the health plan for other IVR applications. Additionally, approximately half of the potential subjects who were contacted refused to provide verbal consent to participate in the call as part of a research study. Of note, a detailed analysis of nonparticipants revealed that with the exception of age, sex, and participation in the cardiac disease management program (study participants were significantly older [54.4 versus 52.2], more likely to be female [62.2% versus 48.3%], and more likely to be enrolled in the disease management program [28.8% versus 19 .5%]), no statistically significant group differences were observed. Thus, there was no evidence that study participants differed from nonparticipants with respect to key health status indicators (eg, similar profile on NCEP risk classification and number of chronic medications) or with regard to the index statin (eg, co-payment level, receipt of a lipid-lowering agent in the prior year, whether the index statin was dispensed).
Of particular importance, no statistically significant differences were detected between the enhanced care controls and study nonparticipants (including those not contacted, and those who were contacted and declined to participate in the study or were judged ineligible) on the primary outcome measure (6-month point prevalence persistency), whereas subjects in the experimental group were found to have a statistically significantly higher prevalence rate than detected in all 3 remaining groups. As stated, 70.4% of the experimental group was classified as meeting the criteria for 6-month point prevalence persistency as contrasted with 60.7% of enhanced care controls. The rate of 60.7% among the enhanced care controls was found to be nearly identical and statistically indistinguishable from the 57.8% rate among nonparticipants who were contacted but refused or were classified as ineligible, and the 56.4% of potential subjects who were never contacted. These differences remained unchanged when examined within the context of 3 statistically significant covariates of age, sex, and enrollment in the health plan's cardiac disease management program. As such, outcome data from the nonparticipants provides strong confirmatory evidence derived from the randomized clinical trial that the experimental intervention did indeed have a favorable impact on increasing statin persistence=adherence.
Ultimately, further research evaluating results longer than 6 months after their index prescription would be warranted, as well as determining the medical outcomes of interest including decrease of LDL values and avoidance of a cardiovascular event. Additional research may benefit from additional recruitment methods such as including physicians or case managers in the enrollment process. The intervention may be better received when recommended by a health care provider versus receiving a cold call as the initial contact. Study outcomes might also be enhanced by utilizing additional intervention strategies such as text messaging refill reminders or having scheduled times for follow-up calls with participants from the VAT.
Although the randomization procedure coupled with the findings from the nonequivalent control groups helped optimize the internal validity of study outcomes, the extent to which the findings would generalize to other patients and=or settings is unknown. Of particular salience to the issue of external validity is whether a similar intervention would be shown to increase adherence rates among statin users who were not new starts, but had been on their medication for varying lengths of time. Subjects in the current study were drawn from a commercial, predominately employed, working=middle class population. The extent to which the observed impact of the intervention would generalize to disadvantaged populations (eg, Medicaid recipients, patients with no regular source of care) or the elderly (Medicare beneficiaries) is unknown. Additionally, the site of the current study was an independent physician association=group model managed care organization; it is unknown if similar outcomes would be observed among patients enrolled in highly integrated delivery systems (eg, Veterans Administration, staff model HMOs) that have a more robust patient educational=support system as a routine part of the delivery of usual care to medication new starts.
The interactive technology systems approach to wellness described in this article and the phenomenon of tailored patient interactions using technology have the potential to change consumers' relationships with their traditional touch points in health care. Interactive technology has the immediate potential to: reach large populations of health care consumers, be a cost-effective method to improve treatment adherence, be easily implemented in diverse health care settings, and be used to engage and motivate consumers to take an active role in improving their medication-taking behavior.
The findings highlighted in this research demonstrate that patients with high cholesterol levels can benefit from personalized, tailored interactive health messages delivered through interactive technology. In the future, voice-activated systems, integrated with Web-based, mobile, and other innovative technological interfaces, will provide the impetus to accelerate the recognition and acceptance of eHealth as an effective and efficient way to engage patients to take an active role in managing their treatment regimen and improving their medication-taking behavior.
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